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A. Physics of Silicon Detectors 

The properties of silicon microstrip detectors @MD) have been extensively 

1) reviewed elseuhere~ . In this note the basic properties are briefly noted. 

1) Bulk Properties 

The Einstein relation between the diffusion coefficient D and the mobility k is: 

kT - @h 1) 

where q is the electron charge, and 10 is proportional to the thermal energy. For 

silicon the electron mobility is ue - 1400 cm2/V.sec while the hole mobility is I+, - 

500 cm2/v.sec. The energy gap is Eg-1.12 eV. The intrinsic density of charge 

-3 carriers at 3OO’K is ni - lO!!cm : The doped conductivity obeys nipi - np, tiich 

for typical doping yields a resistivity p (related to charge q, mobility u, and 

density n) 

P - l/w 2) 

of Pi - 200 K n.cm, p,, - 20 K &an. 

Charge is typically collected over a depletion depth d-300 p. The density of 

Sl is 2.33 &cm3. and the radiation length x0 is 9.36 cm: A depth OP 300 um is 

6.6xlo-4 of an interaction length XI, 3x10w3 of x0. and causes an energy loss of 116 

keV. The energy to liberate a pair is 3.62 eV which means 32,000 pairs in 300 w or 

5.1 PC 0P charge, Qs, to collect. 

2) Electrical Properties 

The dielectric constant of Si is a-1.05 pf/cm or 11.9 aoY The relationship 

between V and I at a junction is 

I(V) - I,(eqvV/kT-l) 3) 

Fran this relation the Porward junction resistance is BF-(dI/dV)-1 - kT/qI. For 

3OO’K at I-l ma, then Rp5Q. The reverse current IO is diliicult to calculate Pram 

Pirst principles. 
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Application of a reverse voltage VD to the junction results in a depletion 

region containing only fixed ions. The extent of this region can be calculated using 

electrostatics; 3.E’ = p/a = d!Ydx = qn/c. Then E=(qn/a)z and since 8= -C”w)= -dV/dz. 

v=qnz2/2E. For a depletion voltage VD 

9nzD2 
=- - 

‘D 2~ +cJLJ 

For example, Pull depletion d=sD=300 #II requires, (if p-6 Kn.can, p-ye,) that VD=51 V. 

The capacity of this depletion region per unit area is - c/%. For s-d, a/d is 35 

pf /cm2. A strip of 50 ~III pitch 5 cm long has a source capacity C, - 0.9 PP. Thus 

the source capacity is small for silicon strip detectors and is daainated by stray 

input lead capacity. 

3) Longitudinal Charge Collection 

Suppose the detector is fully depleted, then xD = d or VD = d2/2apu, In this 

E(z) 5) 

The velocity of charge motion is ds/dt=klZ(s). Intewating this equation of motion 

z(t) = d e 
-t/tc 

6) 

where the charge collection time tc Is 

tc = (d2/ZVDr) 7) 

This equation can be thought oP crudely as motion in a Pleld - VD/d of - 3.3 kV/cm. 

The velocity is roughly - WD/d)u - 4.7 x lo6 cm/set . Over a distance - d/2 the 

electron charge is collected in a time t, -(d/2)/(VD/d)y - 3.2 ~ec. 

Assuming unifons ionization deposition, the collected charge and cwrent go as 

Q 
i(t) =Ae 

to 

-t/to 
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Q(t) = Qs(l-e-t’tc) 9) 

For Q,=5.1 PC and t,=9.0 nsec (holes). the initial hole current is i(o)=Q,/t,=0.57 

4) Transverse Charge Collection 

During drift toward the pickup electrode, the charge carriers diffuse. The 

distribution in a transverse coordinate y is gaussian with rms. 

Oy”qt 10) 

As a rough approximation, using t - tc and equation 1 for D, 

For qVD = 100 eV, at 3OO'K then 0 Y 
- 4.7 p or oy/d - 0.016. This implies that 

diffusion may be relevant to charge sharing between strips Por small pitch detectors. 

B. Noise In Front gnd AmplifierS 

There are two general noise sources, thermal noise and shot noise 2) . Per unit 

frequency interval do the rms. noise currents are 

Assume a source capacity Cs, sowce resistance I$,, and source charge drive QsY The 

front end amplifier has a gain A and time constant (low and high pass) oP T. 

un 
P(w) = A 

[. I 
l+(ur)2 

14) 
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The amplifier inputs are characterized 3) by thermal noise due to RS, shot noise 

due to a standing current IB and thermal noise due to input impedence gs = qIg/kT = 

!/RB (see equation 3). Assuming currents sink into C, and not Rs, the ms voltage 

noise is 

C 
2kT 2kT 

I 

(rRs(olcJ2 
+ qTB 

+- da 
ahc/ ?rG 1 

15) 

16) 

Convoluting v2 with P(w) yields the noise sources modified by the a!spliPier. 

<v2> = f;lP(w) 12v2dw 17) 

<v*> = A2E$+:) ++G] 18) 

he voltage ampliPier output due to the source charge will be (QsA/Cs)e-! *here e-! 

is due to f(w) if the shaping is matched to to (r-t,). The dePinition of the 

equivalant noise charge, ENC. due to noise is (A ENCK, ej2 = <v 3. The ENC is 

typically thought oP as consisting of series and parallel parts which are Polded in 

quadrature. 

19) (ENCP)2 = e2 (G+J$) * 

&NCS)2 = e2 
kT 

( J 
- C2 
2l#? s 20) 
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The series noise is proportional to the source capacity. For low source 

capacity (as with silicon), ENC-ENCP. For example, Q,-5.1 PC - 32,000 q. The ENCS 

due to 4 - 25 R at 1 mA with T=tC - 10 nsec shaping and Cs - 30 pf stray capacity 

is 1125 q. Taking an input impedence of Rs = 1MD and base current of 1 pAA, yields 

ENCP = a25 9. Tnus the signal to noise is - Qs/ w= 23. 

C. Detectors 

Detectors have lately beccme camnercially available Pros a variety oP sources. 

There exists a variety of available pitches and fanout schemes. It appears that at 

4) Fermilab, Micron is as near to a standard as can be found. These detectors are 

wed by E691 and E687, for example, as well as others. 

It is assumed that the detector strips are Panned out to a connector. For 

example Micron design L is 5 cm x 5 cm with 688 channels mixed between 25~1 and 50 ~0 

pitch. The fanout is on Kapton to a receptacle 2.54 cm wide. The l/10" Centers of 

this receptacle are organized as 4 channels wide by 32 channels long. A typical card 

cage Por this connector is shown in Figure 1. The design is that used in E-691 at 

Fermilab for the MSD2 preamp modiPied for the longer MsPl thick film hybrid, which 

has identical pinouts. 

DY Reamp 

A great variety oP preamps exists Por silicon detectors. Qn the basis of some 

caaparative tests, a preferred 5) preamp was chosen. The dimensions are shown in 

Figure 2. This preamp, the CERN tSP1, is caspatible with the detector and card cage 

shown previously. It too is available cumeercially. 

The ENC is quoted to be - 1040 q Por short gate widths (140 nsec) and C, = 20 

PP. The input impedance is 1K D, while the output is diPPerentia1. The shaping time 

is - 70 nsec. Power dissipation is 55 nWchanne1. 
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Bench tests of the kiSP1 were made by injecting 8 nsec input pulses. Supply 

voltages were 6V. The current gain (single ended into 50 ll) was 1000. This gain is 

-30 times that of the CERN MSD2 preamp. That means that an input signal of 100 nA (5 

fC in 50 nsec) will give outputs of +5 mV into 50 sl. Such a signal is large enough 

that extensive RF shielding of the cable beyond the first preamp stage is 

unnecessary. The noise of the preamp is < 10 nA referred to the input. The rise - 

time is - 5 nsec. The output is bipolar up to 40 mV output. 

The differential outputs of the KSPl make it ideal for Panning out away Prom the 

congested W region. A schematic OP a remote amplifier and discriminator is shown 

in Figure 3. Wdinary unshielded twist and flat cable is perfectly adequate as a 

Panart cable. For example, the Fermilab standard Nano N-277C could be used as the 

final amplifier and discriminator. The MsPl is well matched to the f 0.25 mV input 

threshold limit of this unit. In Pact, the operation of this cunplete system was 

Pound to be quite painless. 

E. Test Results 

A test setup was constructed as shown in Figure 4. A Sr 90 source was used to 

illuminate a 300 pm deep, 50 @n pitch Enertec sd). The gate was provided by 2 

plastic scintillators placed in coincidence. The dePining co.aiter had a width a-2.54 

cm placed at a height h = 10 cm above the sowce. The maximum angle oP incidence to 

the St4D is then il27 mad. Since the SNI is -2.5 ao above the source, the nwnber oP 

strips illuminated is - (50 uu105400 um) 4=(.008)‘!. 

The SMD mspliPier chain simulates the standard readout scheme; an KSPl Feamp 

driving twist and Plat cable terminated in a 733 amp followed by a discriminator set 

at threshold VT’ In Pigure 5 is shown the coincidence ratio Sl.T/Sl Por various bias 

voltages VDY Full depletion appears to be achieved at - 60 volts bias. Hence, VD 

was set to 100 volts. 
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Having set VD Per full depletion, one expects a charge collection time of t, - 

9.0 nsec (for holes). In Figure 6 the coincidence ratio vs delay time is shown. A 

total timing jitter of 12 nsec is observed. This jitter is due to both phototube. 

SMD, and electronics. Clearly, the total jitter which is observed is such that > 25 

nsec coincidence gates can be used if the SMD is to operate in a digital mode. 

The singles rate of a strip is shown in Figure 7 as a function of VT: The noise 

rate is an exponential function of VT with a noise exponent VTn=5.65 mV. If one sets 

vT = 100 mV then the rate is - 200 HZ/strip. For 1000 strips (5 cm wide, 50 um 

pitch) the noise rate/plane would be 200 kHZ. With a 50 nsec gate width, the 

accidental probability/plane would be 1%. Adopting 200 mV as corresponding to 30,000 

q then 5.65 mV means ENC - 850 q. This figure is roughly Fiat is expected for this 

readout chain as mentioned above. 

Finally, the pulse height spectrum gated on S=Sl.S2 is shown in Figure 8. The 

exponential noise spectrum is clear in Fig. 8a which is a log plot. Clearly a usable 

signal appears, with a peak observable in the linear plot of Figure 8b. Note that 

charge sharing over strips has not been removed by the device oP vetoing on hits in - 

adjacent strips. Such a bias would be unrealistic since under experimental 

conditions the SHD will be uniformly illuminated. 
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Figure Captions 

1) Card cage Prcm E-691 (TF’L) to hold preamps and connect to microstrip detector. 

2) Dimensions and pinouts of the CEW fGP1 preamp. 

3) Schematic layout of SMD, preamp, and ampliPier/discriminator. 

4) Layout of the system test. 

5) Coincidence ratio vs SRD bias voltage for VT=100 mV. 

6) Coincidence ratio vs delay time Por V7.=~OC q V, VD=!OO V: 

7) S+D singles rate/strip for various thresholds VT’ 

8) pulse height oP detector with gate = S = S1 :S2: 

a) Leg plot showing exponential noise Pallout with pulse height and the residual 

Signal. 

b) Linear plot showing - 2:l peak/valley. 
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